Introduction
The overall goal of the present protocol is to show a method for preparing mica surfaces for high resolution imaging of mica supported lipid bilayers (SLBs) using optical total internal reflection fluorescence microscopy (TIRFM) or confocal microscopy, which could also be combined with atomic force microscopy (AFM).
SLBs are a widely used model for numerous studies of lipid clustering, phase separation, dynamics of bilayer components or their interactions with peptides, proteins or other compounds [1] [2] [3] [4] [5] . Different substrates might be used for SLB formation (i.e. glass, mica, silicon dioxide, polymers) depending on the nature of the study 4, [6] [7] [8] . Typical membrane studies rely on microscopy-based imaging techniques, such as TIRFM and AFM. Thus, for TIRFM imaging, a glass surface is a typical choice because glass is transparent. Preparation of glass is relatively easy, and the quality of the results is primarily determined by thorough surface cleaning prior to deposition of lipid vesicles. AFM due to its high axial resolution requires mica surfaces. Mica is a silicate mineral, with close to perfect basal cleavage. Thus, the freshly cleaved mica is atomically flat, allowing observation of membrane height differences even at the sub-nanometer scale 9 .
Diffusion studies using methods such as fluorescence correlation spectroscopy (FCS), single molecule tracking (SMT), and fluorescence recovery after photobleaching (FRAP) showed however, that lipid membrane dynamics depend heavily on the type of surface onto which they are deposited, whereby glass and mica can give widely varying results 10, 11 . These differences include not only the diffusion coefficients of the membrane probes, but also the detection of separate populations of particles diffusing with different rates, and possibly switching between different states.
Thus, the direct comparison of results obtained using TIRFM and AFM techniques is often problematic, unless the same surface (in this case mica) is used. Although there are some studies where TIRFM and AFM bilayer imaging was conducted on the same mica surface 12, 13 , mica is rarely used for optical microscopy, mostly because of handling problems. Mica preparation requires cutting by hand into thin leaflets, which are then glued to the coverslip using optical adhesive 12 . This method however requires some practice to achieve satisfactory results. Moreover, the surfaces obtained are often wavy and thick, making them difficult to use with low working distance, high numerical aperture lenses. Mica surfaces prepared as described in this protocol are very thin (~220 μm, including the coverslip thickness of 170 μm) and extremely flat, avoiding "waviness", which is critical for successful high resolution imaging. They can be used for TIRFM or confocal setups. Moreover, the same samples can be transferred to AFM, and even imaged simultaneously with TIRFM/confocal and AFM. Combining these two techniques allows direct correlation of diffusion behavior with bilayer membrane structure 14 . Because mica surfaces are freshly cleaved, they are clean and do not require time consuming, poorly reproducible, and potentially dangerous cleaning procedures (glass cleaning protocols usually include chemicals such as Piranha solution, sulfuric acid, sodium/potassium hydroxide). Mounting of a small chamber, also described in the protocol, reduces the volume of vesicles required for effective bilayer formation to less than 50 μl. Finally, the whole process of surface assembly is not time consuming (preparation takes less than 30 min), and does not require a high degree of manual skill, as does conventional mica cleavage and gluing.
Protocol

Mica and Slides Preparation
1. Place No. 1½ (0.17 mm) coverslips into staining rack. 2. Sonicate for 30 min in 2% detergent at 60 °C. 3. Wash 20 times with deionized water. 4. Remove slides using forceps and blow dry using compressed air or nitrogen. 5. Cut mica sheet into 10 x 10 mm square pieces using scissors or razor blade. 6. Cut each mica piece into 2-3 thinner leaflets using razor blade.
NOTE: This step requires use of sharp blade.
Mica Assembly and Chamber Mounting
1. Clean microscopic glass slide with ethanol.
2. Glue leaflet of mica cut in step 1.6 to glass slide using optical adhesive. Low viscosity adhesive is advised to better spread the drop and glue the mica. NOTE: At this step, high viscosity adhesive with low autofluorescence level is advised. Our experience showed that using combination of low (step 2.2) and high viscosity adhesives increases significantly effectiveness of mica splitting (step 2.7). 6. Gently place freshly cleaned coverslip onto the drop of adhesive, avoiding air bubbles, let settle for 1 min. 7. Cure under UV lamp, 10 min. NOTE: after this step, the sandwich of glass slide, mica and coverslip can be stored for a relatively long period of time (up to few weeks). Proceed to the next step just before the actual SLB preparation, to make sure the mica surface is fresh. NOTE: Adhesive is cured by UV light with maximum absorption in the range of 350 to 380nm and the recommended energy required for full cure is 4.5J/cm 2 . However, different light sources can be used for this step (see materials provided by adhesive supplier). 8. Using an exacto knife, gently dismount the coverslip from side glass slide as shown in the video. In most cases, a thin and flat layer of mica will remain attached to the coverslip. Mica attached to glass slide can be reused (repeat from step 2.4). 9. Check the surface quality by naked eye or under a dissecting microscope, to make sure that mica layer is still glued to the coverslip and was not removed completely during splitting in step 2.8. Making a small scratch with a forceps or dissecting needle will help to distinguish between the adhesive which has a detectably different consistency from mica. 10. Remove rubber seal from a 1.5 ml vial cap and glue the cap upside down to the surface using optical adhesive or nail polish, and cure with UV lamp, or let air dry 10 min, respectively. NOTE: If the sample is prepared for simultaneous optical (TIRFM or confocal) with AFM imaging, a 1.5 ml vial cap might be too small to mount the AFM head on the microscope stage. In that case, the cap might be substituted by any plastic O-ring with a bigger diameter, suitable for AFM head mounting. In case when the experiment requires removing the cap without damaging the mica surface, silicone grease can be used instead of glue or nail polish. . 2. Proceed with SLB formation using desired protocol. During incubation and imaging, the chamber can be placed in a heat-block or heated microscope stage to maintain temperature required to keep the lipids being used above their melting temperature.
Supported Lipid Bilayer (SLB) Formation
Representative Results
The diffusion behavior of fluorescent lipid probes in SLBs is different depending on the substrate. TIRFM combined with the SMT technique is a valuable method for visualizing particle movements and extracting their diffusion coefficients. Single molecule signals of a Sphingomyelin-ATTO647N probe diffusing in a DOPC (1,2-dioleoyl-sn-glycero-3-phosphocholine) bilayer supported on glass and mica are shown on the attached animated figure. The mica surface was prepared according to the protocol presented here. To estimate optical aberrations, full width at half maximum (FWHM) was measured and averaged over the 20 point spread function (PSF) using Mosaic 2D PSF Size ImageJ plugin 16, 17 . The measured FWHM for glass and mica were 441nm and 464nm respectively (Figure 1) . The 22nm difference in resolution between imaging on glass and mica is not significant. In both cases, the PSF centroid of each single fluorescent molecule can be localized in successive frames, and linked into particle trajectories over time with Mosaic Particle Tracker ImageJ plugin 16, 17 . Figure 2 shows sample trajectories of particles diffusing across the bilayer supported on both surfaces. The mean square displacements (MSDs) of the fluorescent probe diffusing in DOPC membrane supported on glass and mica was plotted on the Figure 3 . Due to coexistence of multiple populations two population model was used to extract fast and slow diffusion coefficients, according to method described by Schutz (Figure 4, Figure 5 ) 18 . The diffusion coefficients and their fractions were extracted using TrackArt software 19 and are summarized in Table 1 .
The results from this example prove the existence of two separate states of the diffusing probe: fast and slow. The diffusion coefficient of the fast population is roughly 1.5 times higher on mica than on glass. The slow component however, is almost immobile on glass (<0.01 μm 2 /sec), compared to a D of only ~1/10 the fast population on mica. Figure 1 . Average PSF size. Average PSF intensity profile for 20 spots measured on glass (black solid line) and mica (red dashed line). The full width at half maximum (FWHM) of the normalized intensity for glass and mica was estimated to be 441 nm and 464 nm, respectively. The 22nm difference indicates that there is no significant drop in imaging resolution between these two surfaces. PSF intensity profile was measured using Mosaic PSF 2D Tool ImageJ plugin 16, 17 . Please click here to view a larger version of this figure. mica (B) . On the glass supported bilayer, the probe is often immobilized on the surface, occasionally switching to the fast diffusing state. Probes diffusing on the mica supported bilayer, in contrast, are rarely immobilized on the surface. Instead, they tend to switch between fast and slow diffusing state. Please click here to view a larger version of this figure. 
Discussion
This protocol describes a method for preparing smooth and thin mica surfaces for lipid bilayer deposition and high resolution imaging. The technique requires minimal manual skills, limited mostly to the careful disassembly of the glass-mica-glass sandwich (step 2.8), which is critical for obtaining a high quality mica surface. Inspection of the freshly cleaved mica is always required at this point, since it is possible for the mica to detach from the optical adhesive without cleaving, leaving exposed areas of optical adhesive. That might result in unwanted deposition of the bilayer on adhesive instead of on the mica. The mica surface prepared using the method described is with few exceptions parallel to the coverslip surface, judging by the uniformly high optical imaging quality we obtained; we therefore did not see a need for additional verification.
The final step in mounting the chamber can be customized. The Video tutorial shows a 1.5 ml glass vial plastic cap being used as a chamber, however this can be substituted with any object of similar shape and desired dimensions, e.g. for simultaneous AFM-TIRFM/confocal imaging, where the sample with its holder has to fit into the AFM head. Mounting of a custom chamber can be skipped, if imaging is to be performed using a standard, 35 mm metal cell chamber. In this case however, a 25 mm round cover glass has to be used, and a much bigger volume of liposome solution would be required for SLB formation.
The results presented here show that single molecule imaging and tracking can be easily done on extremely flat mica surfaces thin enough to be amenable to TIRFM imaging, according to the protocol for surface preparation described. The same preparation can be applied to other techniques, including high resolution optical microscopy, such as total internal reflection fluorescence correlation spectroscopy (TIR-FCS). Importantly, SLBs prepared in the same way (or even the exact same samples) can be used in both experimental setups, an essential criterion for direct comparison of results obtained using different methods, e.g. AFM, SMT, FCS, and FRAP.
